During the last decade, the hns gene and its product, the H-NS protein, have been extensively studied in Escherichia coli. H-NS-like proteins seem to be widespread in gram-negative bacteria. However, unlike in E. coli and in Salmonella enterica serovar Typhimurium, little is known about their role in the physiology of those organisms. In this report, we describe the isolation of vicH, an hns-like gene in Vibrio cholerae, the etiological agent of cholera. This gene was isolated from a V. cholerae genomic library by complementation of different phenotypes associated with an hns mutation in E. coli. It encodes a 135-amino-acid protein showing approximately 50% identity with both H-NS and StpA in E. coli. Despite a low amino acid conservation in the N-terminal part, VicH is able to cross-react with anti-H-NS antibodies and to form oligomers in vitro. The vicH gene is expressed as a single gene from two promoters in tandem and is induced by cold shock. A V. cholerae wild-type strain expressing a vicH⌬92 gene lacking its 3 end shows pleiotropic alterations with regard to mucoidy and salicin metabolism. Moreover, this strain is unable to swarm on semisolid medium. Similarly, overexpression of the vicH wild-type gene results in an alteration of swarming behavior. This suggests that VicH could be involved in the virulence process in V. cholerae, in particular by affecting flagellum biosynthesis.
In prokaryotic cells, the organization and/or the function of their chromosomal DNA require the involvement of proteins, generally small, abundant, and basic (24) . H-NS, one of the most abundant DNA-binding proteins in enterobacteria, was isolated about 30 years ago as a transcription factor (25) . It was later shown to be involved in the organization of bacterial chromosome by affecting the level of DNA condensation (45) . Numerous phenotypes have been associated with hns mutations, resulting from a modification in the expression of several plasmid and chromosomal genes. Most of them are regulated by environmental parameters, such as pH, osmolarity, and temperature (2, 30) , or are known to be involved in bacterial virulence, e.g., in Shigella flexneri (33) .
H-NS exists essentially as a homodimer and binds preferentially to curved DNA in vitro (51) . No information is available concerning its three-dimensional structure, except for the organization of its C-terminal domain, which has been resolved by nuclear magnetic resonance spectroscopy (39) . This region is required in DNA binding, while the N-terminal region is implicated in protein-protein interactions (49, 52) . H-NS synthesis is known to be negatively autoregulated and to be induced by cold shock (2) .
During the past few years, the genetics of Vibrio cholerae has been extensively studied, in particular in relation with the expression of virulence factors (15, 40) . In contrast, nothing is known about the existence of the so-called histone-like proteins involved in the structure and function of the chromosome in this organism. Recently, we have demonstrated that H-NS and H-NS-like proteins represent a large family of functionally and structurally related DNA-binding proteins, at least in gram-negative bacteria (5) . Except for BpH3 in Bordetella pertussis (22) , most of them have been identified on the basis of sequence homology. Moreover, only a few genes, including hns and stpA in Escherichia coli (2, 17, 29, 43, 54) and hvrA in Rhodobacter capsulatus (10) , have been characterized. Here we describe the isolation and the characterization of vicH, an hns-like gene in V. cholerae. It constitutes the first gene isolated by complementation of hns-related phenotypes and the first hns-like gene identified among members of the family Vibrionaceae. Our results suggest that VicH has a pleiotropic role in the physiology of V. cholerae, in particular by altering expression of several genes which could play a role in pathogenicity.
MATERIALS AND METHODS
Bacterial strains, plasmids, and growth conditions. FB8 (9) and BE1410, its hns-1001 derivative (30) , were used in this study. E. coli XL1-Blue (Stratagene) was used to construct the genomic library of V. cholerae strain classical Ogawa O395. All experiments were performed in accordance with the European regulations concerning the contained use of genetically modified organisms of group I (agreement 2735) and group II (agreement 2736).
Plasmids pDIA562 and pDIA566, isolated from the V. cholerae genomic library, carry DNA fragments of 1,320 and 1,980 bp, respectively. The nucleotide sequence of each insert was determined on both strands by Genome Express (Grenoble, France). DNA fragments in pDIA562 and pDIA566 both contain the vicH gene and its flanking regions. A kanamycin resistance (Km r ) gene was isolated from pUC4K (Pharmacia) after digestion by PstI and ligated to pDIA562 digested by ApaL1 and filled in by Klenow enzyme. A recombinant plasmid containing the Km r cartridge inserted at codon 92 of the vicH gene was selected in E. coli XL1-Blue (Stratagene), giving rise to plasmid pDIA563. Plasmids pDIA562 and pDIA563 were introduced into the V. cholerae wild-type strain by electrotransformation as previously described (6) , giving rise to strains BV1920 and BV1921, respectively.
To overproduce VicH-His 6 protein, its structural gene was PCR amplified from genomic DNA by using primers 5Ј-CCGCTCGAGCAGAGCGAATTCT TCCAGAG-3Ј and 5Ј-GGAGGTTCATATGTCGGAAATCACTAAGAC-3Ј, introducing an XhoI cloning site at its 5Ј end and an NdeI cloning site at its 3Ј end, respectively. PCR product was inserted into the XhoI and NdeI sites of the pET-22b vector (Novagen), giving rise to plasmid pDIA564.
E. coli and V. cholerae cells were grown at 37 and 30°C, respectively, in Luria-Bertani (LB) medium or in M63 medium (35) supplemented with 40 g of serine per ml, 1 mM isopropyl-␤-D-thiogalactopyranoside, and 0.4% glucose as a carbon source in complementation experiments of serine susceptibility. Metab-olism of ␤-glucosides was tested on MacConkey indicator agar plates with 1% salicin as a carbon source. Tryptone swarm plates containing 1% Bacto Tryptone, 0.5% NaCl, and 0.3% Bacto Agar were used to test bacterial motility as previously described (5) . When required, the antibiotics kanamycin and chloramphenicol were added at concentrations of 25 and 20 g/ml, respectively.
Construction of a V. cholerae genomic DNA library. Genomic DNA was isolated from V. cholerae, and a Sau3A partial digestion was performed according to standard procedures (38) . The fragments ranging from 1.5 to 4.5 kb were purified from an agarose gel by using a JETsorb kit (GENOMED). They were partially filled in with dA and dG, using Klenow enzyme, generating AG cohesive ends. Plasmid pSU19 (4) was digested by SalI and partially filled in with dC and dT, generating CT cohesive ends. Restriction fragments and plasmid DNA were ligated by T4 DNA ligase at 16°C for 15 h. The ligation mixture was introduced into E. coli XL1-Blue (Stratagene) by electrotransformation as previously described (6) . About 60,000 independent clones were selected on LB plates and pooled. Large-scale plasmid DNA isolation was carried out with a JETstar kit (GENOMED). This genomic library was then used to transform the hns-1001 strain.
Protein purification. Recombinant protein VicH-His 6 was purified from E. coli BL21(DE3) carrying pDIA564, using NiSO 4 chelation columns (Qiagen) as previously described (5) .
Protein-protein cross-linking. VicH-His 6 (100 M) was equilibrated in 8 l of buffer containing 20 mM HEPES (pH 8), 60 mM potassium glutamate, 8 mM magnesium aspartate, 0.05% NP-40, and 2 mM dithiothreitol for 15 min at room temperature; 2 l of cross-linking chemical reagents, i.e., 50 mM N-hydroxysuccinimide (NHS) and 200 mM 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC), was then added to the protein mixture. The cross-linking reaction was stopped after 10, 30, or 60 min by addition of loading buffer containing 70 mM Tris-HCl (pH 7.9), 5% glycerol, 1.5% sodium dodecyl sulfate (SDS), 120 mM ␤-mercaptoethanol, and 0.01% bromophenol blue and by heating at 95°C for 5 min. The samples were loaded onto a 4 to 20% (wt/vol) gradient SDS-polyacrylamide gel (Bio-Rad). The gel was stained with Coomassie blue and destained with a 30% ethanol-10% acetic acid solution.
Antibodies and Western blotting. Polyclonal antibodies were raised against H-NS according to the standard protocol (38) . Briefly, two rabbits were injected subcutaneously four times with 135 g of purified protein (44) emulsified in 0.5 ml of phosphate-buffered saline (137 mM NaCl, 2.7 mM KCl, 4.3 mM Na 2 HPO4 ⅐ 7H 2 O, 1.4 mM KH 2 PO4; pH 7.3) and an equal volume of Freund's incomplete adjuvant. Sera were mainly collected 3 weeks after the final injection. After 3 h at room temperature, blood was centrifuged at 5,000 ϫ g for 15 min. Supernatant was collected and stored at Ϫ20°C. Before use, anti-H-NS antibodies were exhausted against a crude extract of hns strain; 250 ml of stationary-phase culture was centrifuged at 5,000 ϫ g for 10 min. The pellet was resuspended in 12.5 ml of 50 mM Tris-HCl (pH 7.4), and bacterial cells were disrupted by ultrasonic treatment. Anti-H-NS antibodies were diluted 600-fold in 6.25 ml of crude extract two times diluted with 50 mM Tris-HCl (pH 7.4) and put on ice for 1 h. The mixture was then centrifuged at 12,000 ϫ g for 10 min at 4°C. The supernatant was collected, and the volume was adjusted to a 1,000-fold final dilution of antibodies in Tris-buffered saline (50 mM Tris-HCl [pH 8], 150 mM NaCl) containing 5% nonfat dried milk powder.
To prepare bacterial extracts of E. coli, V. cholerae, and Bordetella bronchiseptica, cells were grown in LB medium to stationary phase; 2 ml of culture was centrifuged and resuspended in 200 l of 50 mM Tris-HCl (pH 7.4). Bacterial cells were disrupted by sonication and centrifuged for 10 min at 12,000 ϫ g. Proteins were quantified as previously described (8) . After boiling of the samples, 20 g of each protein extract was separated on an SDS-polyacrylamide (14%) Prosieve 50 (FMC) gel using Tris-glycine running buffer (25 mM Tris HCl [pH 8.3], 41 mM glycine, 1.3% SDS). The gel was then placed on a nitrocellulose membrane underlaid with one Whatman 3MM filter soaked in buffer A (25 mM Tris in 20% methanol). Below this filter were placed two filters soaked in buffer B (300 mM Tris in 20% methanol). Three filters soaked in buffer C (25 mM Tris-40 mM ε-amino-n-caproic acid in 20% methanol) were put above the gel. Proteins were transferred to the membrane at 250 mA for 20 min using a semidry transfer apparatus.
After incubation in the anti-H-NS antibody mixture (see above) for 15 h at 4°C, the nitrocellulose membrane was washed 10 times rapidly and three times for 10 min in Tris-buffered saline containing 5% nonfat dried milk. The immune complex was detected with anti-rabbit immunoglobulins conjugated to peroxidase, using an Amersham ECL detection kit according to the manufacturer.
Sequence analysis. The MULTALIGN method (11) was used for sequence alignments and refined manually as previously described (5) . Prediction of antigenic determinants was performed by different methods contained in the MacVector 6.5 package such as hydrophilicity analysis (Kyte-Doolittle, Hopp-Woods, and von Heijne scales), antigenicity prediction (Parker, protrusion index, and Welling scales), and surface probability determination (Janin and Ermini profiles).
Preparation and analysis of RNAs. Total RNAs were extracted from 4 ml of culture grown to an optical density at 600 nm (OD 600 ) of 0.4 to 0.5, using a High Pure RNA isolation kit (Boehringer Mannheim). RNA concentration and purity were determined by OD 260 and OD 280 measurements. Quantitative determination of mRNA was performed from 300 ng of RNAs by slot blotting as previously described (44) . In Northern blot experiments, RNAs were transferred to Hybond Nϩ membranes (Amersham) according to standard procedures (38) . A 430-bp DNA probe was generated by PCR amplification using oligonucleotides 5Ј-CG GGATCCTATCATTTTAGTTTCTGGC-3Ј and 5Ј-ATGTCGGAAATCACTA AGAC-3Ј and a PCR DIG Probe synthesis kit (Boehringer Mannheim) as instructed by the manufacturer. In both experiments, hybridization of the digoxigenin-labeled probe and detection were performed with the CSPD chemiluminescence detection system (Boehringer Mannheim) as previously described (44) .
Primer extension analysis. The primer extension reaction was performed as previously described (44), using 50 g of total RNAs and oligonucleotide 5Ј-GGGGTACCAGGGCTAATTTCGCTTCTTGCT-3Ј located around 150 bp downstream of the ATG translational initiation codon. This oligonucleotide was end labeled with phage T4 polynucleotide kinase and [␥-
32 P]ATP (3,000 Ci/ mmol) according to standard procedures (38) . As a reference, sequencing reactions were performed with a ThermoSequenase radiolabeled terminator cycle sequencing kit (Amersham) with the same primer.
Nucleotide sequence accession number. The sequence shown in Fig. 6 has been assigned GenBank accession no. AJ010791.
RESULTS
Cloning and sequencing of the vicH gene. High susceptibility to serine in minimal medium is one of the numerous phenotypes associated with hns mutations in E. coli (5) . To isolate a putative hns-like gene in V. cholerae, we constructed a genomic library of Sau3A-digested V. cholerae chromosomal DNA (see Materials and Methods). This library was introduced into the BE1410 hns strain by electrotransformation, and selection was performed on plates containing minimal medium supplemented with 40 g of serine per ml. Numerous clones were obtained after incubation at 37°C for 48 h. One hundred clones were purified on the same medium and tested for two additional hns-related phenotypes, i.e., loss of motility on semisolid medium (7) and use of salicin as a carbon source (13) . In addition to serine susceptibility, most of them showed an alteration in both swarming and ␤-glucoside metabolism. Analysis of restriction fragments from the plasmid DNA of 36 clones allowed us to isolate plasmids pDIA562 and pDIA566, carrying 1,320-and 1,980-bp DNA fragments, respectively. In the presence of each plasmid, a wild-type phenotype was restored in the hns mutant with regard to motility, ␤-glucoside utilization, and mucoidy ( 
a ϩ, motility revealed by the appearance of a swarming ring on semisolid medium; Ϫ, no motility.
b R, ␤-glucoside metabolism revealed by the appearance of red colonies on MacConkey-salicin agar plates; W, no metabolism by white colonies; P, intermediate metabolism by pink colonies.
c ϩ, mucoid phenotype observed on MacConkey-salicin agar plates; Ϫ, no mucoid phenotype; ϩ/Ϫ, intermediate phenotype.
d Similar results were obtained with plasmid pDIA566.
H-NS and StpA proteins (Fig. 1) . Sequence determination of the region upstream from vicH revealed the presence in the opposite orientation of a partial CDS starting 693 bp from the VicH ATG start codon (data not shown). This CDS encodes a putative protein which presents a significant similarity with the hypothetical integral membrane protein HI1586 present close to hns in Haemophilus influenzae (16) . In contrast, sequence determination of the 250-bp region downstream of the vicH CDS revealed no significant similarity with any known gene (data not shown).
To confirm that the reversion of hns-related phenotypes observed in the E. coli mutant strain resulted from vicH expression, this gene was disrupted in pDIA562 by inserting a Km r gene upstream from the DNA-binding domain of the putative protein, i.e., between codons 91 and 92, giving rise to plasmid pDIA563. Compared with plasmid pDIA562 expressing vicH, plasmid pDIA563 had no effect on serine susceptibility, loss of motility, and ␤-glucoside utilization in the hns strain (Table 1 ). This provides evidence that the vicH gene itself is responsible for the reversion of hns-related phenotypes that we observed (Table 1) .
Structural organization of the vicH gene product. The VicH protein sequence was aligned with those of H-NS and BbH3 (GenBank accession no. AJ006983), an H-NS-like protein that we recently isolated from B. bronchiseptica by the same procedure (data not shown). This protein is homologous to BpH3 previously isolated from B. pertussis by Southwestern blot techniques (22) . As pointed out for other H-NS-like proteins so far characterized such as StpA in E. coli and HvrA in R. capsulatus (5, 12) , the C-terminal third was highly conserved between H-NS, BbH3, and VicH (Fig. 1) . Amino acid conservation in the remaining part of these three proteins was less prominent. However, the N-terminal domain has been demonstrated to play an important role in the dimerization process of H-NS and various H-NS-like proteins (5, 49, 52) . Moreover, the oligomeric structure of the protein has been suggested to be required for its specific binding to DNA (46) . This prompted us to analyze the ability of VicH to oligomerize in vitro by crosslinking experiments in the presence of chemical cross-linking reagents EDC and NHS (23) . A time course experiment showed that VicH is able to form dimers, trimers, and tetramers in vitro (Fig. 2) . Moreover, the presence of a smeared band at the top of the gel after 60 min of incubation suggests the formation of higher-order aggregates.
The major differences between H-NS, VicH, and BbH3 concerned two regions rich in charged amino acids. They were recently shown to contain protease cleavage sites in H-NS and/or StpA (12) and were predicted as putative loops in H-NS-like proteins (5) . This suggests that these domains (Fig. 1 ) could be exposed to the surface in the folded structure of H-NS-like proteins. Therefore, the amino acid sequences of the three proteins were analyzed by different methods of antigenicity or hydrophilicity prediction and of surface probability determination (see Materials and Methods). Unlike the case for BbH3, we observed two major peaks centered around residues A45 and G89 in VicH (around residues S45 and A88 in H-NS) (data not shown). This suggests that the regions encompassing loops 1 and 2 constitute major antigenic sites, at least in VicH and H-NS. In both loops, the amino acid sequence was, at least in part, conserved between VicH and H-NS. In contrast, loop 1 was restricted to only a few residues in BbH3, while loop 2 was longer in BbH3 than in VicH and in H-NS. To determine whether the structural organization in VicH could result in antigenic properties different from those in H-NS and in BbH3, we performed Western blot experiments on E. coli, V. cholerae, and B. bronchiseptica protein extracts, using antibodies raised against H-NS. No cross-reactivity was observed with the BbH3 protein of B. bronchiseptica (Fig. 3) . In contrast, the VicH protein of V. cholerae was recognized by the anti-H-NS antibodies but to a lower extent compared with H-NS. This suggests that major epitopes present in H-NS are, at least in part, conserved in VicH.
Transcriptional analysis of vicH. To know whether vicH was expressed as a single gene like hns in E. coli (21) or as part of an operon like hvrA in R. capsulatus (10), we analyzed in vivo transcripts by Northern blotting (Fig. 4) . Although we cannot rule out any processing of a longer transcript, the presence of (37) . The alignment was achieved using both MULTALIGN (11) and HCA (31) plots as previously described (5) . Residues conserved in at least two sequences are in gray boxes.
FIG. 2. Analysis of in vitro protein-protein interactions by chemical crosslinking. VicH protein (100 M) was incubated as described in Materials and
Methods without any reagent (lane 2) or with EDC and NHS for 10, 30, and 60 min (lane 3 to 5, respectively) prior to quenching with ␤-mercaptoethanol and loading onto a 4 to 20% (wt/vol) gradient SDS-polyacrylamide gel. After electrophoresis for 1 h at 120 V, the gel was Coomassie blue stained. Lane 1, molecular weight markers (Bio-Rad).
mRNA with an apparent size of about 600 bases in RNAs extracts suggests that vicH does not form an operon with any other gene in V. cholerae.
Primer extension analysis were performed to determine transcriptional start sites. Two major bands for transcription initiation were detected (Fig. 5) , which indicates that transcription of vicH could arise from two G residues located 29 and 70 nucleotides, respectively, upstream from the ATG translational start codon (Fig. 6) . Upstream from the distal transcriptional start site, Ϫ35 and Ϫ10 hexamers showing 67% similarity with the 70 consensus in E. coli were identified. Upstream from the proximal ϩ1 site, Ϫ35 and Ϫ10 hexamers showing 83 and 67%, respectively, similarity with the 70 consensus were identified. In both cases, the two boxes are separated by a 17-bp spacer (Fig. 6) .
A motif, CCAAAT, reminiscent to the Y box recognized by nucleic acid-binding proteins (53) was identified 5 bp downstream from the proximal ϩ1 site relative to the ATG start codon (Fig. 6 ). The precise role of this motif in the transcriptional control of cold shock-regulated genes, e.g., cspA, remains to be determined (20) . However, such a motif has also been identified upstream from the coding sequence of H-NS (29) . As this regulatory protein is known to belong to the cold shock regulon in E. coli (47) , it was of interest to determine whether vicH expression was also regulated by a shift to low temperature. V. cholerae was grown at 30°C to mid-log phase, and the culture was then shifted to 10°C. Three-milliliter aliquots of culture were removed before and at various times after the temperature shift. Total RNAs were prepared, and 300-ng aliquots were analyzed by slot blotting. The temperature shift from 30°C to 10°C resulted in a threefold increase in vicH mRNA synthesis (Fig. 7) , in agreement with previous results for hns in E. coli (29) . Primer extension analysis revealed a similar increase in transcription from both promoters after cold shock (data not shown), suggesting that a shift to low temperature results in a global increase in vicH expression rather than in a differential rate of transcription initiation between the two promoters.
Pleiotropic role of vicH in V. cholerae. Attempts to construct a vicH null mutant by allelic exchange have so far been unsuccessful (data not shown). Similar failures to disrupt or delete hns-like genes have been recently reported for B. pertussis (22) and Salmonella enterica serovar Typhimurium (50) . Nevertheless, it has been recently demonstrated that synthesis in a wild-type E. coli strain of truncated forms of H-NS, in particular those lacking their DNA-binding domain, can lead to phenotypes reminiscent to those observed in an hns mutant (48, 51) . Therefore, to investigate the role of VicH, we introduced plasmid pDIA563, expressing a vicH⌬92 gene, into a V. cholerae wild-type strain, giving rise to strain BV1921.
We tested the effect of the vicH⌬92 gene expression on various hns-related phenotypes, i.e., ability to use ␤-glucosides and mucoidy. While the V. cholerae wild-type strain was unable to use salicin as a carbon source (Table 1) , expression of the vicH⌬92 gene in BV1921 strain resulted in the appearance of pink and mucoid colonies on MacConkey-salicin agar plates. These observations suggest that V. cholerae possesses a silent system allowing transport and metabolism of ␤-glucosides as well as an operon required in the synthesis of capsular exopolysaccharides.
Among the various phenotypes associated with hns mutations, motility is one of the few processes known to be positively controlled by H-NS in E. coli (7, 44) . Expression of the truncated form of vicH resulted, in V. cholerae, in loss of motility on semisolid medium (Table 1 and Fig. 8) . Similarly, overexpression in trans of the vicH wild-type gene in V. cholerae BV1920 resulted in a strong reduction of motility (Fig. 8) . This finding further supports the gene dosage effect associated with H-NS and H-NS-like overproduction reported in E. coli (3, 22, 34) . 5 . Identification of the vicH transcriptional start site. Primer extension analysis was performed with total RNA extracted from a V. cholerae wild-type strain grown in LB at 30°C. As a reference, a DNA sequencing ladder is shown (lanes T, G, C, and A). The sequence is complementary to the strand shown to the right and was obtained with the same primer as that used for primer extension. The Ϫ10 boxes and transcription start points (ϩ1) are indicated by a bracket and bent arrows, respectively.
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DISCUSSION
To survive under a wide range of detrimental conditions, bacteria have to constantly monitor environmental parameters and rapidly adapt their structure and physiology. These processes are based on the existence of multiple regulatory networks in which genes are regulated in a coordinate manner in response to environmental factors, such as temperature, osmolarity, or pH. In E. coli, numerous genes involved in adaptation to environmental challenges or in virulence are controlled by DNA-binding proteins, such as HU, integration host factor, H-NS, and FIS (24) . In V. cholerae, the etiologic agent of the human diarrheal disease cholera, little is known about the presence of such a DNA-binding protein. In this report, we describe the characterization of vicH, a V. cholerae gene coding for a protein of the H-NS family.
Our results demonstrate that the amount of vicH mRNA in V. cholerae was increased threefold after cold shock (Fig. 7) , suggesting that VicH could belong to a cold shock regulon in this organism. Moreover, analysis of transcripts by Northern blotting (Fig. 4) as well as the lack of any similarly oriented CDS close to vicH (see below) demonstrated that this gene is not part of an operon like hvrA in R. capsulatus (10) but expressed as a single gene like hns in E. coli (21) . In contrast, the presence of two promoters in the vicH regulatory region (Fig. 5) could be the basis of a fine-tuning of its expression under specific environmental conditions. Examination of the unfinished V. cholerae genome from the Institute for Genome Research (TIGR) website (http://www.tigr.org/cgi-bin/BlastSearch /blast.cgi?) suggests that a gene homologous to vicH exists in El Tor N16961. However, the region downstream of vicH in V. cholerae classical Ogawa O395 strain was not similar to that in El Tor N16961 (data not shown). On the other hand, upstream from vicH in both organisms, we identified a partial CDS coding for a putative membrane protein showing a significant similarity with HI1586, a hypothetical membrane protein identified upstream from hns in H. influenzae. In contrast, no gene homologous to this putative membrane protein was identified close to the hns locus in E. coli. This provides evidence that the genetic organization of the hns or hns-like locus is not entirely conserved, even among closely related gramnegative bacteria.
The major structural difference between VicH, H-NS, and BbH3 is at the N-terminus, in particular the two regions previously predicted as loops in H-NS-like proteins (5) . Unlike BbH3, these two domains are partly conserved in VicH in comparison with H-NS (Fig. 1) . The cross-reactivity observed between VicH and anti-H-NS antibodies supports the presence of conserved epitopes in both proteins. By in silico analysis, loops 1 and 2 were predicted as major antigenic sites in both proteins. Moreover, these regions have been recently identified as protease sensitive in H-NS and/or StpA (12) . This suggests that amino acids in both loops could play an important role in the immunoreactivity of VicH and H-NS, due to their exposure to the surface in both proteins, and supports a close structural relationship between VicH and H-NS. Despite a low amino acid conservation in the N-terminal domain of H-NS-like proteins, this region has been suggested to play a key role in protein-protein interactions (5, 49, 52) . In particular, H-NS has been shown to form oligomers, i.e., essentially dimers but also small amount of trimers and tetramers, depending on the protein concentration (14) . Moreover, it has been suggested that repression by H-NS could involve a polymerization step of the protein along the DNA and that the ability of this protein to recognize curved DNA and/or to bend it depends on its oligomeric state (46, 49) . The propensity of VicH to form oligomers in vitro (Fig. 2) suggests that such a cooperative mode of binding to DNA is widespread in H-NS-like proteins. This further supports an essential role of this DNA-binding property in the function of these proteins.
In E. coli, the formation of hybrid proteins between wildtype H-NS and mutant proteins has been proposed to give rise to species with altered properties, especially with regard to DNA binding (48, 49, 52) . In the presence of a plasmid expressing a truncated form of vicH, several phenotypic alterations, such as mucoidy and salicin metabolism, were observed in V. cholerae BV1921 (Table 1) . In E. coli hns mutants, similar phenotypes result from the derepression of capsular exopolysaccharide synthesis and of ␤-glucoside utilization as a carbon source (2) . Mucoidy observed in V. cholerae BV1921 suggests the existence of an operon involved in the synthesis of colanic acid and homologous to the H-NS-regulated cps operon in E. coli (41) . In this organism, one function for colanic acid might be to protect it from environmental assaults that damage or perturb the outer membrane (42) . In addition, the effect of the vicH⌬92 gene expression on salicin metabolism revealed the existence of an uncharacterized operon in V. FIG. 6 . Promoter region of the vicH gene. Transcriptional start sites are indicated by bent arrows; proximal and distal promoters relative to the ATG translational codon are indicated by P1 and P2, respectively. Positions of the Ϫ10 and Ϫ35 sequences are underlined. The putative cold box and putative ribosome-binding site (RBS) are boxed and in boldface, respectively. Only the residues corresponding to the N-and the C-terminal parts of VicH are indicated.
FIG. 7.
Effect of cold shock on vicH mRNA synthesis. Transcript level was analyzed in the V. cholerae wild-type strain by slot blot hybridization using a 430-base probe specific to the vicH gene. Cells were grown in LB at 30°C to an OD 600 of 0.7 and then shifted to 10°C. Samples were withdrawn for RNA extraction at various times between 0 and 3 h after the temperature shift. Quantitation was performed with the Bio-Rad Multi-Analyst system. cholerae which could be homologous to the bglGFB operon repressed by H-NS in E. coli (13) . Examination of the unfinished V. cholerae genome from the TIGR website further supports the existence in V. cholerae of genes showing more than 50% identity with bgl and cps genes (data not shown). Moreover, our results suggest a key role of VicH in the negative control of these operons expression (Table 1) . Finally, the lack of expression under laboratory conditions of the bgl-like operon in V. cholerae suggests that, rather than cryptic, bglGFB could be specifically induced in the host environment, as recently demonstrated in E. coli infecting mouse liver, suggesting a role of this operon in the infection process (26) .
The V. cholerae BV1920 strain overexpressing the vicH gene and the BV1921 strain expressing the truncated vicH⌬92 gene showed a strong reduction in motility on semisolid medium (Fig. 8) . Preliminary experiments suggest that this alteration of swarming behavior results from a decrease in the level of flagellin flaA mRNA (C. Tendeng, unpublished data). In V. cholerae, motility depends on the presence of a single polar flagellum instead of several peritrichous flagella as in E. coli (32) . Moreover, unlike in E. coli, five flagellin subunits have been recently identified in V. cholerae, among which only FlaA seems to be essential for flagellar synthesis (28) . Finally, the flaA gene is transcribed by the 54 holoenzyme form of RNA polymerase, unlike the fliC gene in E. coli. Despite these differences between the two organisms, our results suggest that VicH is involved, like H-NS in E. coli (7) , in the positive control of flagellum synthesis in V. cholerae. The VicH protein, in particular by controlling the synthesis of bacterial components such as flagella frequently associated with the virulence process in various microorganisms (1, 18, 19, 27, 36) , could play a role in the pathogenicity of V. cholerae. Furthermore, our results suggest that the function of H-NS-like proteins is, at least in part, evolutionarily conserved in gram-negative bacteria, despite differences in genetic and functional organization of their target genes.
